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(57) Abstract 

A marine ducted impeller drive assembly (1) has a water inlet end (2) and a water outlet end (3) in an annulus between which are 
located two sets (15. 16) of impeller blades. The sets are rotated in respectively opposite directions by a single drive shaft (7) which is 
connected directly to rotate one blade set (15) in one direction, and is connected indirectly to drive the other blade set (16) in the reverse 
direction. Contra-rotation of the blade sets (15. 16) is achieved by gearing provided by double-ended pinions (21) driven from the shaft 
(7) through an external gear (23, 22) and driving the set of blades (16) through an internal gear (24, 25). Flow-straightening blades (18) 
straighten out whirling motion of the water discharged from the assembly and support a downstream part of the inner wall of the annulus 
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CONTRA-ROTATING DUCTED IMPELLERS 

FIELD OF THE INVENTION 

THIS INVENTION relates to assemblies in which coaxial sets of impeller blades are mounted 
for rotation in an annular passage and a fluid, such as water, is caused to flow through the 
passage between an inlet and outlet. Such an assembly will hereinafter be referred to as 
being "of the type described". Such an assembly may take the form of a gas or water pump or 
a turbine. More specifically, although not exclusively, the invention is concerned with a 
propulsion system for use in ships and of the water jet type. As this represents the dominant 
use of the invention as at present conceived, the remainder of this specification will concern 
itself with describing the use of an assembly of the type described, in a water jet propulsion 
system of a marine vessel. However it is to be understood that the principle of the invention 
may be usefully employed in other fields where it is required to transfer energy between a 
moving stream of a gaseous or liquid fluid, and a rotating shaft. 

STATE OF THE ART 

Water jet propulsion systems are often used on vessels required to operate in conditions in 
which the use of an external propeller poses difficulties. Currently water jet propulsion 
systems are commonly encountered in connection with high-speed ferries, multi-hull 
vessels such as catamarans, and small vessels required to operate in very shallow water or 
in close proximity to bathers. 

The conventional water jet propulsion system uses an impeller rotated in a section of a duct 
which extends from a water entry, usually located beneath the vessel and covered with a 
protective grid, and a water outlet through which a jet of water is discharged at high speed to 
drive the vessel forwards. All the parts of the propulsion system are accessible from within 
the hull of the vessel and above the water-line, which makes repair to the impeller rather 
easier than when an external marine propeller is used. The modern tendency in ship- 
building is towards light-weight, high-speed vessels with shallow draft and this favours the 
use of water-jet propulsion rather than the conventional propeller system. 

OBJECT OF THE INVENTION 

An object of this invention is to provide an improved assembly of the type described. 
THE INVENTION 

In accordance with a first aspect of the invention, an assembly of the type described has two 
sets of impeller blades coaxially arranged on a common shaft which is rigidly connected to 
one of the sets to rotate therewith, and has the other set of blades connected to the shaft by 
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way of a reversing drive which has at least one double-ended pinion arranged axially parallel 
to the shaft and meshing at one geared end with a geared surface rotated by the shaft and 
meshing at the other end with a geared surface provided on said other set of blades reversal 
of the two sets of blades being achieved by arranging for the two geared surfaces to form 
parts of an internal gear system and an external gear system, respectively. 

In accordance wit a second aspect of the invention a drive assembly for a water jet propulsion 
system provides a water duct section of annular form defined between two walls one of which 
m formed in three axially-spaced parts of which one part is held against rotation, a second 
part ,s attached to a drive shaft extending coaxially through the duct section and carries a 
10 first set of impeller blades for driving water through the duct section when the shaft is 
rotated, and a third part carrying a second set of impeller blades which is rotated in the 
opposite direction to the first set by a reversing gear mounted on the first part and 
transmitting drive from the drive shaft to the second part. 

ADVANTAGES AND PREFERRED FEATURES OF THE INVENTION 
15 An advantage of the second aspect of the invention is that it enables the momentum of the 
d,scharging water jet from the vessel to be increased, with a consequential increase in the 
vessel's performance. 

Preferably the reversing gear comprises one or more double-ended gear pinions which mesh 
at one end-portion with a geared surface on the drive shaft, and at the other end-portion with 
20 a geared surface on the second part. To obtain a reversal of the drive direction to the 
second part, the meshing gears at the two end-portions of the pinion are respectively 
arranged as an external gear and as an internal gear (commonly known as a ring gear). 

INTRODUCTION TO THE DRAWING 

The invention will now be described in more detail, by way of example, with reference to the 
25 accompanying drawing which shows in diagrammatic form a vertical section through a duct 
section of a water jet propulsion assembly. 

DESCRIPTION OF PREFERRED EMBODIMENT 

A vessel to which the water jet propulsion assembly is fitted, is not illustrated or described, 
as such vessels are now well-known in the art. 
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The assembly 1 has its right-hand end 2 connected to receive water from submerged water 
inlet (not shown) located beneath the vessel in which the assembly is mounted, and its left- 
hand end 3 connected to a jet nozzle (not shown) at the stem of the vessel and from which a 
high velocity jet of water is discharged to propel the vessel forwards. 

5 The assembly 1 provides an annular duct 4 formed between a boss 5 and an outer wall 

6. A drive shaft 7 of a marine engine (not shown) extends coaxially through the duct 
4. 



The boss 5 has three coaxially spaced parts 10, 1 1 and 12 and its outside surface provides 
the inside wall 1 3 of the duct 4. 

10 The upstream part 10 of the boss 5 is keyed at 14 to the shaft 7 to rotate therewith, and 
carries a set of impeller blades 1 5 which rotate in the annular duct 4 when the shaft 7 is 
rotated. The intermediate part 1 1 of the boss 5 also carries a set of impeller blades 16 and 
is supported by a bearing 1 7 on the shaft 7. The downstream part 1 2 of the boss 5 is fixed 
to the outer wall of the duct by a set of flow-straightening vanes 1 8 which straighten out the 

15 whirling motion of the water leaving the second set of impeller blades 16. Bearings 19 
support the tail end of the shaft 7. 

A reversing gear 20 drives the second part 1 1 of the boss 5 in the opposite direction to the 
shaft 7 and is provided by one or more double-ended pinions 21 preferably symmetrically 
arranged around the shaft 7 and having their individual axes parallel thereto. The reversing 
20 gear 20 is supported by bearings 8 in the downstream part 1 2 of the boss 5 and has at one 
end a pinion gear 22 which meshes with an externally geared surface 23 on the shaft 7, and 
at the other end a second pinion gear 24 which meshes with an internal geared surface 25 
provided on the second parti 1 of the boss 5. 

OPERATION OF THE PREFERRED EMBODIMENT 

25 During operation of the assembly, the rotational drive of the shaft 7 rotates the first set of 
impeller blades 1 5 in the same direction as the shaft. The second set of impeller blades 1 6 is 
driven in the opposite direction to the first set, through the action of the internal and 
external gearing provided respectively at opposite ends of the double-ended pinions 21. 
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ADVANTAGES OF PREFERRED EMBODIMENT 

The above-described assembly is simple to construct and straight forward in its operation. 
It has the advantage that the improvement in efficiency obtained by using contra-rotating 
sets of impellers is achieved from a single drive shaft. Existing water jet propulsion 
systems can thus be modified to utilise the invention without having to provide each set of 
impellers with its own drive shaft. 
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CLAIMS 

1 . An assembly of the type described in the opening paragraph of the accompanying 
specification, having two sets of impeller blades coaxiaHy arranged on a common shaft which 
is rigidly connected to one of the sets to rotate therewith, and has the other set of blades 

5 connected to the shaft by way of a reversing drive which has at least one double-ended pinion 
arranged axially parallel to the shaft and meshing at one geared end with a geared surface 
rotated by the shaft, and meshing at the other end with a geared surface provided on the said 
other set of blades, reversal of the two sets of blades being achieved by arranging for the two 
geared surfaces to form parts of an internal gear system and an external gear system, 

10 respectively. 



2. A drive assembly for a water jet propulsion system providing a water duct section of 
annular form defined between two walls one of which is formed in three axially-spaced parts 
of which one part is held against rotation, a second part is attached to a drive shaft extending 
coaxially through the duct section and carries a first set of impeller blades for driving water 

15 through the duct section when the shaft is rotated, and a third part carrying a second set of 
impeller blades which is rotated in the opposite direction to the first set by a reversing gear 
mounted on the first part and transmitting drive from the drive shaft to the second part. 

3. A drive assembly as set forth in claim 2, in which the reversing gear comprises one or 

more double-ended gear pinions which each mesh at one end-portion with an externally 

20 geared surface on the drive shaft, and at the other end-portion with an internally geared 
surface on said second part. 
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